The secondary school building shows increases of > 39% energy consumption in August
building energy consumption in other countries [25] [26] [27] [28] [29] [30] [31] [32] or globally [33] [34] [35] . Although 94 the impact of climate change on energy consumption across different building types has 95 been explored down to the monthly temporal scale and for spatial scales down to climate 96 zones (covering several to hundreds of counties) [23, 24] , the importance of sub-monthly 97 timescales and variation within climate zones has rarely been studied. Given the spatial 98 and temporal heterogeneity of climate change, building energy consumption impact can 99 vary substantially within climate zones at sub-monthly timescales.
100
In this study we quantitatively explore the impact of climate change on building energy 101 consumption using the individual building energy simulation approach. Our focus is on 102 the variation of impact across different building types at multiple time scales (e.g., annual, 103 monthly, and hourly) and spatial scales (e.g., national, climate zone, and location). We 104 quantify these impacts at over 900 U.S. locations across the 16 U.S. climate zones. We 
115
The remainder of this paper is divided into three parts: methodology, results and emissions respectively [39] ) with an ensemble of 15 climate model outputs. These 148 average monthly temperature differences are then added to the current hourly TMY3 149 temperature data, as a constant, to generate the future hourly weather conditions in each 150 month and location, similar to the approach followed in other studies [19, 20, 23] . The 151 hourly temperature data generated with this method may not capture the sub-monthly 152 temperature changes, but it ensures that the sub-monthly temperature pattern is consistent 153 with the other climate variables (e.g., humidity and solar radiation) [20] .
154
The projected temperature change for the decades of the 2040s and 2090s are spatially 155 heterogeneous with the temperature change magnitude dependent upon emissions 156 scenario ( Figure 1 ). Generally, inland locations see larger temperature increases than 157 coastal areas, and high latitude regions show greater differences than low latitude regions.
158
In the 2040s, the temperature increase is less than (or around) 2 °C in all emission 159 scenarios for most locations. In the 2090s, the temperature change shows larger variation 160 across the emission scenarios, with more than a 4 °C increase in most U. (Figure 2 ).
178
The climate zones are based on the number of heating/cooling degree days (HDD/CDD),
179
average temperature, and precipitation [42] . Each climate zone is represented as a 180 combination of a thermal zone (number) and a hydrological zone (letter). The thermal 181 zone numbers range from 1 to 7 representing large CDD to small CDD (or small HDD to 182 large HDD). The letters "A", "B", and "C" represent moist, dry, and marine hydrological 183 zones, respectively.
184
The three building age classes are used as a proxy for building technology as they 
Calibration to survey data
219 "Site energy" and "source energy" are usually used to describe end-use energy consumed 220 in a building and the raw energy required to meet the on-site demand, respectively.
221
Because source energy accounts for the energy loss during production and delivery, it 222 reflects the total energy consumption more comprehensively and it is more comparable 223 across different fuel types. In this study, we chose source energy as the comparison target,
224
and converted the site energy consumption generated by EnergyPlus to source energy 225 consumption using source-to-site ratios [46] .
226
To correct for potential bias in the EnergyPlus simulated energy consumption intensity (shortest distance from tract center to TMY3 location) to the TMY3 point. To achieve the 234 CBECS surveyed intensity, the total energy consumption in a division/domain is divided 235 by the total building area. The ratio between the surveyed and simulated value is used to 236 adjust (e.g., the simulated value is multiplied by this ratio to achieve an adjusted value) 237 the simulated energy consumption intensity at each TMY3 location in both current and 238 future periods.
239
For the residential buildings, the same procedure is followed, but the calibration value is 240 specific to building type and heating system and at the RECS survey domain spatial scale
241
(typically covering one or more states). where E is the energy consumption in the current (cr) and future (ft) periods. 
Monthly time scale

366
The impact of climate change on building energy consumption analyzed at the annual scenario. In contrast to the monthly change patterns described in section 3. 
Spatial clustering
477
Despite the RD variation across spatial scales and building types, the spatial clustering 
Drivers of spatial variation
502
In order to explore the drivers of the spatial variation in energy consumption changes, we will likely switch to net increases. This is because there is a limit to space heating 526 declines, which can't drop below zero. There is no limit for space cooling increases, 527 however. When the temperature further increases, the dominance of space heating 528 reductions in cold climates will weaken, and the space cooling increase will eventually 529 outweigh the space heating decrease.
530
Although the analysis in this section is based on the quick service restaurant building and less sensitive to outdoor temperature changes due to the stronger insulation. 
Conclusions
557
This paper estimates the impact of climate change on building energy consumption for 2 558 residential and 15 commercial building types at 925 U.S. locations. This research is 559 aimed at isolating the sensitivity of building energy consumption to climate change, and 560 highlights the variation due to building type, spatial scales, and temporal scales.
561
Information at small spatial/temporal scales is potentially more relevant for informing the 562 implementation of climate change adaptation/mitigation policies.
563
We find a small national annual energy consumption increase for residential building 
855
The shaded area represents the 95% confidence interval of the regression line. 856 
